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Clinical Decision Support System (CDSS) is a system that can provide positive support 
for clinicians, including avoiding medical errors, aiding decision-making, and improving 
the quality of medical care. As the vital evidence of decision-making process, Patient-
level information plays an important part in this system. However, due to extensiveness 
and complexity of patient data, how to intelligently and automatically summarize patient-
level information remains one of the top-ranked challenges. One solution is using data 
visualization to provide effective summarized report of patient-level information. This 
paper analyzes why this is a top-ranked challenge, how data visualization help solve the 
issue, and provides a design of interactive data visualization for patient-level information. 
Many features and components in this visualization are explored and evaluated. 
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1. Introduction 
Clinical decision support systems (CDSS) are computer systems designed to 
impact clinician decision making about individual patients at the point in time that these 
decisions are made (Chang, Kao, Wu, & Su, 2016). Since the first date of the publication 
of this concept, CDSS have been received increasing attention for exploring its 
functionality on fields such as preventing of medical errors, assisting decision-making, 
improving quality of medical care and improving patient’s safety (Berner, 2016).  
According to relevant research, models and pioneering deployment efforts suggest that a 
high level of clinical decision support (CDS) is effective for improving the quality of care 
and reducing waste, and based on net result, there is a pressing need for high-quality 
clinical decision support capabilities for clinicians (Sittig et al., 2008).  
Although many clinicians recognize the potential value of providing advanced 
CDSS, the system also has many unresolved problems. Among the top challenges, one is 
how to improve the usability and effectiveness of CDSS (Sittig et al., 2008). CDSS is 
designed to improve the efficiency of decision-making, to avoid potential medical errors, 
and reduce the waste of time and effort, but with the ineffective design of the user 
interface and redundant data, users would likely to spend more time and efforts when 
using this system. Therefore, the value of CDSS is diminished.  
One aspect of this challenge is how to intelligently and automatically summarize 
all a patient’s electronically available clinical data. Ideally, CDSS should provide one or
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more (e.g., 1–2 page) synopses of the patient’s pertinent past medical history, current 
condition(s), physiologic parameters, and current treatment(s) (Sittig et al., 2008). In 
order to provide a quick and accurate way to display all the key data clinicians need, so 
clinicians understand patients’ current condition and avoid omitting important 
information. However, considering the complexity and vast amounts of patient data and 
the inefficiency of data-driven derivation, it is difficult to allow “at a glance” assessment 
of patient status (Sittig et al., 2008). An effective data visualization is one solution to this 
problem. Data visualization leads to better decision making. As noted in Educause's 7 
Things you should know about data visualization II (2009) (Educause, 2009), it is 
significant in health care to present valuable data and information in an engaging format 
that is easily understandable to "bring data to life and draw it into the reach of non-
experts" (Educause, 2009).  Therefore, it is possible to use the power of data visualization 
to help with providing better summaries of patient-level information. 
In this paper, I want to explore what is a useful data visualization for displaying 
patient-level information in CDSS. The target users are clinicians, as this visualization is 
designed specially to help clinicians better understand patient’s information and aid 
effective decision-making. More specifically, I want to study on what are the necessary 
components, effective features and interactive functions of this data visualization for 
providing better summary of patient-level information for clinicians and how it works in 
real life. 
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2. Literature Review 
2.1 The Importance of Patient-level Information 
Patient-level information is the vital part in the Clinical Decision Support System 
(CDSS). In David E. Robbins, Varadraj P. Gurupur and John Tanik’s research on 
“Information Architecture of a Clinical Decision Support System”, it identified patient 
model, which contained all the patient-level information, as the heart of a CDSS 
(Robbins, Gurupur, & Tanik, 2011).  Patients are the key element in any medical 
practice. If without patient’s information, clinicians would not have solid ground to make 
any accurate diagnoses. In Matt-Mouley Bouamrane, Alan Rector and Martin Hurrell’s 
study, it addressed that majority of medical errors within the health delivery system were 
not all caused by human errors. Instead, many of these errors happened due to inefficient 
patient-level information management (Bouamrane, Rector, & Hurrell, 2011). For 
example, the patient record showed that the patient has severe diabetes and it could cause 
the higher risks of cardiovascular. But clinicians didn’t pay much attention to this special 
parameter therefore no further cardiovascular tests were ordered before the surgery.  
 
2.2 The Challenges in the Patient-level Information 
The value of Clinical Decision Support System (CDSS) have been shown to fall 
short of their full potential (Khairat, Marc, Crosby, & Al Sanousi, 2018). One of the 
causes is identified as that the patient-level information is ineffectively displayed and 
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used in the real world (Belard et al., 2017).  Since the first publication of the landmark 
Institute of Medicine report, To Err Is Human, CDSS has been considered essential in 
systems’ approaches to help clinicians avoid medical mistakes, improve patients’ safety 
and improve quality of care (Berner, 2016). In the long history of CDSS development and 
application, CDSS is always a tool that is designed to help with clinicians’ decision 
making about individual patients, and has received increasing attention and expectation 
for exploring its functionality on fields such as preventing of medical errors, assisting 
decision-making, improving quality of medical care and improving patient’s safety 
(Berner, 2009). Related studies have proven that the aid provided by CDSS for clinicians 
has huge impact on the area of medical care, such as quality of medical care, patients’ 
safety, and efficiency of clinicians’ work (Berner, 2009; Xiao et al., 2009). The reminders 
and alerts in CDSS can keep clinicians aware of the important messages, and reduce the 
risk of missing valuable information. The evidence in CDSS can help clinicians better 
understand and discover the hidden trends and patterns by the transformed and 
interpreted data. The recommendations in CDSS can serve as guidelines when clinicians 
are in the process of decision-making. The meta-data analysis in Berner’s study has 
shown that the CDSS can alter clinician’s decision-making and actions based on 
evidence-based recommendations, reduce medical errors, and promote preventive 
screening (Berner, 2009). However, with potential benefits and opportunities, it has many 
unresolved problems and challenges. While CDSS could help preventing medical errors, 
it might produce additional errors due to inefficiency and poor usability in the system of 
CDSS. For example, using default doses inappropriately could produce serious medical 
accidents. And with an ineffective design of the user interface and redundant data, 
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clinicians would likely to spend more time and efforts when using this system instead of 
improving the efficiency of decision-making and reducing the waste of time and effort. 
According to related research, models and pioneering deployment, only a high level of 
CDSS is effective for improving the quality of care and reducing waste, and there is a 
pressing need for high-quality clinical decision support capabilities for clinicians, patients 
and consumers (Sittig et al., 2008). The high level of CDSS is a system which has 
comparatively low system cost, high quality of clinical data, and has overall effective 
workflows and structure (Johnson, Pan, Walker, Bates, & Middleton, 2003). How to 
improve the usability and efficiency of CDSS has been remained as one of the top 
challenges. In terms of this issue, Sittig suggested several ways to solve it, including 
developing an improved human-computer interface, summarize patient-level information 
efficiently, prioritizing and filtering recommendations to the user, combining 
recommendations for patients with comorbidities, and using free-text information to drive 
clinical decision support (Sittig et al., 2008). CDSS is indeed a useful and necessary tool 
in the area of medical care and physician’s diagnose system, but due to existing 
challenges and flaws in the system, a higher level of CDSS is needed. 
One aspect of this challenge is how to intelligently and automatically summarize 
patient-level information. In Dean F. Sittig and Adam Wright’s study on “Grand 
Challenges in Clinical Decision Support”, summarizing patient-level information was 
ranked as one of the top first challenges in the area of CDSS (Sittig et al., 2008). They 
thought as clinicians needed to recall all the significant clinical data which was pertinent 
to current situation and no one could retain entire complicated patient-level information, 
but due to extensiveness and complexity of patient’s data, it was hard to provide detailed 
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and clear information to enable clinicians understand the patient’s current condition as if 
she had spoken with all of the patient’s healthcare providers (Sittig et al., 2008). Every 
patient was possible to have a complicated medical history and current situation that 
clinicians needed to spend plenty of time processing it and would easily omit important 
facts, which was not good for decision making. In Jeff Kabachinski’s research on “A 
Look at Clinical Decision Support System”, it also mentioned the problems of lots of data 
and the data was expected to continue to accelerate, including patient-level information 
(Kabachinski, 2013). This could be a huge challenge when presenting the patient-level 
information. As for clinicians, it is important to understand fully patients’ previous 
medical history and their current condition, so that they could give accurate and effective 
diagnoses. However, patients’ data is extensive. It can involve thousands of medical 
records since the first day they were born, complex medical history of treatments, and 
their different individual background. Even more, the patients’ data can be incomplete, or 
incorrect due to lack of records, patients’ unwillingness to report their condition, or 
missed medical files. With vast amounts of patients’ data, it’s difficult to automatically 
and intelligently enter all the data and display the data in a way which is easy for 
clinicians to proceed and understand. Therefore, it’s challenging to quick and effective 
summaries of patient-level information. 
 
2.3 Data Visualization Aids Decision Making 
Data visualization is considered as a strong tool for helping with decision-making. 
Data visualization is a general term that describes any effort to help people understand 
the significance of data by placing it in a visual context. Patterns, trends and correlations 
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that might go undetected in text-based data can be exposed and recognized easier with 
data visualization software (Socha, 2017).  Visualization is a more natural way for human 
eyes to process information. Matthew Ward, Georges Grinstein and Daniel Keim’s 
research showed that physiological and psychological studies proved that vision 
processing facilitated human perceiving and processing complicated and lengthy data 
(Ward, Grinstein, & Keim, 2010). Therefore, visualization speaks louder than numerical 
or textual description of patients’ information. In terms of patient-level information in 
CDSS, because patient data contains extensive and complicated information such as long 
description of previous diagnoses, different demographic data, chaos of disordered data. 
Thus, normal display of it would require more time and effort to process the entire 
content. Compared to traditional representation of patient data, visualization deletes the 
redundant descriptions and unnecessary information, then points out important facts with 
graphs and tables, which is more acceptable physically and psychologically. 
Data visualization makes data discovery easier (Bobek & Tversky, 2016). It 
effectively bridges the gap between data and the insights you derive from it. The brain 
comprehends visual representation better than anything else. Data visualization helps you 
understand your data better and leads to actionable insights that power strategies. Data 
visualization of patients’ information could help clinicians discover the hidden patterns of 
patients; for example, it puts key data points into perspective, like comparing historical 
data with the present. 
Also, there are studies indicating that visualization leads to better decision-
making. Eli Lilley has 1500 scientists using an advanced information visualization tool 
(Spotfire) for decision making. With its ability to represent multiple sources of 
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information and interactively change your view, it’s helpful for homing in on specific 
molecules and deciding whether we should be doing further testing on them (Spence, 
2014).  When applied in patient-level information, with all the strength described above, 
data visualization could be a strong tool for displaying massive data in a short format, 
which is easy to perceive and process, thus it aids for the decision making of clinicians. 
 
2.4 Standards of Patient-level Information 
In this paper, the patient-level information is all the clinical data of a single 
patient which could support clinician the decision-making process, thus the major data 
source of patient-level information comes from the Medical Records and the Electronic 
Health Records (EHR). The Medical Records, also known as the Medical Charts, is 
described as a confidential document that contains detailed and comprehensive 
information on the individual patient and their care experience (Hauswirth, 2013). It is 
served for the purposes of helping clinicians understand patient’s medical history and 
medical care, and providing a defense for clinicians to make decisions, response to 
further evaluation and treatments. EHR is a repository of patient data in digital form, 
stored and exchanged securely, and accessible by multiple authorized users (Häyrinen, 
Saranto, & Nykänen, 2007;2008). It provides a better and immediate access to health 
data, therefore has positive impacts on clinician decision making of good quality, offering 
the continues medical records, and better communication and coordination between 
different clinicians. According to the definitions, purposes and benefits described above, 
the Medical Records and EHR could provide strong and solid data sources for the 
visualization in this paper. 
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The Medical Records and EHR have different standards of components, but in 
some way, they share the same contents which aid clinician’s decision-making. As for 
Medical Records, in Linda M. Spooner and Kimberly A. Pesaturo’s research, the medical 
record contains five primary components, including the medical history, laboratory and 
diagnostic test results, the problem list, clinical notes and treatment notes (Spooner, & 
Pesaturo, 2013). In Tunbridge’s report, he produced some standardized medical records, 
including identification sheet/summary, history sheet, continuation sheet, inpatient 
medication, temperature, pulse and respiration sheet, blood pressure sheet and so on. As 
for EHR, in Entzeridou. E, Markopoulou. E, and Mollaki. V’s research, it may include 
data of identification of the patient, demographic characteristics, medical history, family 
history of diseases, previous hospitalizations, previous and current therapies, possible 
allergies and intolerances, as well as laboratory results, genetic test results, and diagnostic 
imaging results (Entzeridou, Markopoulou, & Mollaki, 2018). Also, physician notes, 
nursing notes and test results were defined as the most common components in different 
EHR systems (Keyhani et al., 2008). In the study of CDSS discussing patient 
information, researchers think patient information should contain the measured health 
parameters, patient history, and the desired outcomes (Robbins, Gurupur, & Tanik, 
2011). Ideally, in 1-2 pages, CDSS should provide one or more brief synopses of the 
patient’s related past medical history, current conditions, physiologic parameters, and 
current treatments (Sittig et al., 2008). 
According to the components and standards described above, the Medical 
Records and EHR have common contents which are identification summary of a patient, 
demographic characteristics, patient’s medical history and the corresponding family 
  
 
11 
medical history, laboratory and diagnostic test results, previous and current problems 
along with treatments, current conditions, chief complaints, possible allergies and 
intolerances and clinicians’ and nursing notes.  
 
2.5 Types of Data Visualization and the Corresponding Functions 
Data visualization can be categorized into different types, such as tables, line 
graph, pie chart and map. For different visualizations, their effects vary in different 
situations. To use them efficiently, it is important to understand how it works under 
various conditions and what is the best context for each visualization. 
In terms of table and graph, table works best when the visualization is used to 
search for individual values or it requires that the quantitative values must be precise, 
while graph works best when the message you want to convey in the visualization is in 
the patterns, trends and exceptions of the data (Few, 2017). 
In terms of quantitative data, as it has different types of relationships, it will need 
different encoding methods to best convey your message. Quantitative data has seven 
common relationships, including nominal comparison, time-series, ranking, part-to-
whole, deviation, frequency distribution and correlation (Few, 2017). The relationship is 
called nominal comparison when the categorical scale in the X axis is nominal and it 
doesn’t relate to each other. It’s better to use points and bars in this relationship. The 
relationship is called time-series when the quantitative values are taken across equal 
intervals of time. In this situation, it works best when using lines to highlight the overall 
shape of the data (that is the patterns, trends and exceptions), using bars to emphasize the 
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comparisons, and using points connected by lines to point out individual values while still 
emphasizing the shape of data (Few, 2017). The relationship is called ranking when 
arranging the nominal and discrete quantitative values. It works best if using bars or 
points if the quantitative scale does not include zero (Few, 2017). The relationship is 
called part-to-whole when the values are designed to reveal the portion to some whole. It 
can use bars, or stacked bars if you must display the measure of the whole and the parts 
(Few, 2017). The relationship is called deviation when comparing between different sets 
of values. It works best when using lines or points connected by line to highlight the 
overall shape of data together with time-series relationships (Few, 2017). The 
relationship is called frequency distribution when values spread across their entire range. 
It works best when using bars to point out individual values, also known as the 
histogram, and using lines to highlight the overall shape of data, also known as the 
frequency polygon (Few, 2017). The relationship is called correlation when trying to 
reveal if there are significant relationships between different variables. It works best 
when using points and a trend line in the scatter plot (Few, 2017). 
In terms of spatial data, or spatial data combined with other kinds of data, it works 
best when using the form of geographic visualization, such as bubble map, heat map, dot 
map and so on. Research showed that if included the use of haptics and other types of 
senses, it would improve the interactions between visualization and user, and allow user 
explore it freely (Peuquet & Kraak, 2002). 
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2.6 Effective Characteristics for Visualizing Patient’s Records 
Many researchers have done comprehensive reviews and assessments of 
characteristics for visualizing patient’s records. Dowding et. provided a review of 
different components and quality assessment for each of them (Dowding et al., 2015, pp. 
93-96). Their research results are summarized below. 
Design Features Quality 
Assessment 
Use traffic light system to highlight the states of Blood Pressure (BP) Low 
Use traffic light system to highlight whether the results are reviewed. If 
the color is red, the result is new result; if green, the result was 
reviewed. 
Low 
Use charts and graphics to display information with color coding. Low 
Use sparklines or word size graphics-most data in the tabular form at 
traffic light system to indicate patient’s performance quality. 
Fair to good 
Use bar chart to compare different patients. Fair to good 
Use traffic light color for health indicators. Fair to good 
Use traffic light color for alerts. Fair to good 
No detail for visualization on screensaver. Fair to good 
Each indicator has traffic light color status. Fair to good 
By hovering over summary record page, alerts will display the inter 
pharmacy communications. 
Low 
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Use color coding for indicators. green = in compliance, red = out of 
compliance, yellow = soon due 
High 
Table 1. Review of Characteristics in the study of Dowding (Dowding et al., 2015, pp. 
93-96). 
Sittig et provided criteria used to evaluate EHR’s graphical displays in their 
research (Sittig et al., 2015, p. 901). The criteria are listed below with specific 
requirements (Sittig et al., 2015, p. 901). 
1. The patient’s identification information, such as patient’s name, gender, birthdate, 
is visible on the graph.  
2. The description or title of the graph’s contents is clear. 
3. The description of labels and scales are clear for x and y axis, such as adding label 
“Date” in x-axis. 
4. The legend for each graph is clear. 
5. The reference range is shown for each variable. 
6. The data details of x-y data points are precise and visible. 
Rind et. provided review criteria to analyze the interactive information in EHR in 
their study (Rind et al., 2013, pp. 222-225). First, the visualization should cover 
necessary data types and use suitable visualizations for different data types according to 
their functions. Second, it should support multiple variables in different formats. Third, it 
should support interactive functions as interaction contributes much to EHR visualization 
system. The requirements of interactions are listed below. 
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1. The visualization should have the function to mark the subset of dataset according 
to user’s interests, to track selected items or manage groups. 
2. The visualization should have the function to show a different part of dataset, to 
navigate in time or add or remove parameters. 
3. The visualization should have the function to rearrange the layout, such as sorting, 
repositioning, adjusting the axis. 
4. The visualization should have the function of visual encoding or visualizing 
graphs in different views. 
5. The visualization should display the abstraction of parameters, and display the 
details of items. 
6. The visualization should have the filtering function, to highlight things under 
different conditions, such as presenting patient status overview, showing 
development over time, and adding time constraints. 
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3. Design 
3.1 Description of the Interface 
The visualization of patient’s health record in this paper is summarized into a 
brief report, which consists of two pages. The first page introduces the patient’s general 
information, allergies, current problems and corresponding medications, current physical 
examination results and their trends over time. The second page introduces the patient’s 
medical history, ordered by time, and the patient’s family patient history. In the following 
figures, I provide an example of a patient with diabetes, to better explain the interface and 
the interactive functions in this visualization. In terms of the patient’s data for the 
following example, I used the public patient records from the Agency of Healthcare 
Research and Quality (Agency for Healthcare Research and Quality, 2013). As for 
displaying the following figures, I used Canva to draw the interface and the interactive 
features.
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Figure 1. The First Page of Patient’s Report 
The first page has 10 sections tagged with corresponding characters from A to J. 
A. It shows the patient’s general demographic information, such as name, gender, 
age, patient ID, contact phone, address and so on. As it’s categorical data and 
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doesn’t require to learn its trend, so I categorized the information and displayed it 
with brief labels. 
B. It shows the patient’s allergies/immunologic, current problems and current 
medications. As it’s also categorical data, I used brief and clear labels to present it 
without extra descriptions because I assumed clinicians were already very familiar 
with those professional terms. 
C. It is a search box for this page to help with faster searching. 
D. It is the dashboard of patient’s test results which includes the numerical data in 
the lab test. The bigger, bold text and numbers display the patient’s current 
condition. The line charts on the right side show the trends of the results over 
time. The x coordinator represents date and the y coordinator represents the value 
of the test results. In this example, it shows that the patient had a sudden weight 
loss recently, but her levels of pulse rate, blood pressure, blood sugar and 
cholesterol increased over time. 
E. It is a toolbox for all the charts in this page. It includes three functions: zooming 
in, zooming back, and refreshing. 
F. It is a slider for all the charts in this page that can be set to any range from 
patient’s date of birth to present time. 
G. It is the dashboard of patient’s test results which includes the categorical data in 
the lab test. I use the color red to indicate that the results are negative, as red color 
generally means severity and anxiety.  
H. The stacked bar chart shows the ratio of the number of negative results and the 
number of total results. I use the color red to indicate the number of negative 
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results and the color grey to indicate the number of total results. The stacked bar 
chart clearly displays the overall conditions for different items. In this case, we 
can see that the patient’s eyes are in serious condition overall.  
I. The area chart shows how the ratio of negative results and total results changes 
over time. I also use the color red to indicate the number of negative results and 
the color grey to indicate the number of total results. The x coordinator represents 
month and the y coordinator represents the number of results. In this case we can 
see the patient’s eyes start to get worse recently. 
J. It is a drop-down list for the G, H and I sections which allows for multiple select 
and can be used to display the customized items selected by user. 
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Figure 2. The Second Page in Patient’s Report 
The second page has 4 sections tagged with corresponding characters from K to 
N. 
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K. It is the patient’s previous medical history. As it includes events related closely to 
time, and based on the LifeLines project (Milash, Plaisant, & Rose, 1996), I use a 
timeline labelled with corresponding events to display the patient’s medical 
history, ordered by time. The green circle indicates the disease was successfully 
resolved. The red circle indicates the disease is still unresolved. And I use the 
saturation to indicate the severity of the disease. For example, the common cold, 
as one of the regular diseases which can be easily cured, is displayed in light 
green. 
L. It is a search box for this page to help with faster searching. 
M. It is the patient’s family history. Based on RAGs project (Coulson, Glasspool, 
Fox, & Emery, 2001), I use a tree to display the family medical history. I use 
different colors to indicate different disease, which also shows that which person 
was affected and which was not. And I use a rectangle box to indicate who is the 
current patient. In this case, it shows that the patient’s family has the history of 
having diabetes. 
N. It is a drop-down list for the M section which allows for multiple select and can 
be used to display the customized items selected by user. 
 
3.2 Interaction 
To better match the user’s needs and improve the efficiency of using the 
visualization, I designed interactive functions in the report. And to help with 
understanding the interactions, on the left side, I provide the interface before interacting 
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with the visualization and on the right side, I provide the interface after the interacting 
actions were made. 
         
Figure 3. Hovering Event 1 
            
Figure 4. Hovering Event 2 
        
Figure 5. Hovering Event 3 
        
Figure 6. Hovering Event 4 
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Figure 3,4,5,6 show the hovering events in the visualization. When user hovers 
over all the charts in the report, it will display the detailed information of the hovered 
point in a speech bubble. The information includes the x, y values and the corresponding 
notes from clinicians.    
           
Figure 7. The Zooming-in Function in the Toolbox 
               
Figure 8. The Zooming-back Function in the Toolbox 
           
Figure 9. The Refreshing Function in the Toolbox 
Figure 7,8 and 9 show the interactive functions in the toolbox of first page. Figure 
7 shows that user can draw a rectangle box in the line chart to zoom in the customized 
area. Figure 8 shows that user can use zooming-back button to go back to the previous 
steps. Figure 9 shows that user can use the refreshing button to return to the original line 
chart.  
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Figure 10. The Drop-down List with Multiple Selection 
Figure 10 shows the drop-down list in the first page. The drop-down list controls 
the stacked bar chart and the area chart, and it includes many categorized items, such as 
throat, eye, ear, which can be selected multiply to display only the selected contents. If 
user selects multiple items, there will be multiple area chart for each individual item. 
Thus, user can easily examine the overall conditions and trends of customized items and 
make comparisons between different items. 
 
 
Figure 11. Clicking Event to Display More Information in Patient’s Demographic Information 
              
Figure 12. Clicking Event to Display More Information in Numerical Test Results 
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Figure 13. Clicking Event to Display More Information in Nominal Test Results 
Figure 11, 12 and 13 show the clicking events to display more information. As the 
patient’s test might vary and the data might consist of many kinds of test, thus if display 
all the test results, the interface will look messy and unclear. Therefore, I add the 
“More…” option under each dashboard which can be clicked to display more test results.  
     
Figure 14. Slider to Adjust Time 
Figure 14 shows the slider in the first page which can be used to adjust time. As 
mentioned in the previous paragraph, the report has a zooming-in function in each chart. 
But sometimes clinicians would need to examine all the results within the same range of 
time. Therefore, I add a slider that controls all the charts in the first page. It can be set 
into certain section of time, within the range from patient’s date of birth (DOB) to present 
time. And user can also first set the range of time in the slider, then use zooming-in 
function in selected charts to do detailed research under different section of time. 
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Figure 15. Searching Function 
Figure 15 shows how the searching function works in the report. In this example, 
when user search for “height”, it will highlight the contents of height while other contents 
will automatically become more transparent. The second page also has the same 
searching function as the first page. The search box is helpful when user couldn’t find the 
expected content or want to do a quick and effective search. 
         
Figure 16. Clicking Event to Display More Information in Patient’s Previous Medical History 
Figure 16 shows the clicking event in patient’s previous medical history. The 
items in patient’s medical history can be clicked to display more detailed information, 
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including the medication, doctor’s name, doctor’s notes and the test results. Clinicians 
can view the diagnoses roughly first, then click on specific items for more details. 
     
Figure 17. Drop-down List in Patient’s Family History 
Figure 17 shows the drop-down list in the patient’s family history. Similar to 
figure 10, it is a drop-down list with multiple selection to display specific diseases. In this 
example, if only select diabetes, it will only display diabetes in the family tree. This can 
better help clinicians find the trends in family medical history and exclude unimportant 
factors. 
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4. Evaluation 
 Based on the measuring criteria in literature review, the visualization of patient’s 
record in this paper has certain effective features, while it also has limitations. I analyzed 
different components of the report (figure 18) and give my conclusions of strength and 
weakness for this visualization. 
 
Figure 18. Overview of the Report 
The visualization report includes a variety of data types and graphs based on 
different types of data. According to Rind’s criteria, a good EHR visualization should 
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cover necessary data types and use suitable visualizations for different data types 
according to their functions (Rind et al., 2013). In this visualization, it covered many data 
types, such as nominal data, numerical data. And for each data type, the graphs are 
designed specifically to support different types of data and its relationships as defined in 
the literature review. In section A and B, as the data is individual value and is needed for 
precise searching, plain text with labels is effective to cover this data type and its 
function. In section D, one relationship is time-series as the data is taken across equal 
intervals of time, therefore using line chart is effective and useful for highlight the overall 
shape of different health indicators, to help clinicians discover the trends easily. And as 
it’s required to search precisely for current values of health indicators, displaying the 
current values in bold, larger text is helpful for the searching, also it allows comparisons 
in section D to combine the line chart and individual text together. In section H and I, the 
relationship is part-to-whole as the values are designed to reveal the portion to some 
whole. Thus, using stacked bar chart and area chart can effectively display the measure of 
the whole and the parts. 
The interactions designed are effective to support user intents. In Rind’s standard, 
the visualization should have the function to mark the subset of dataset according to 
user’s interests, to track selected items or manage groups (Rind et al., 2013). The drop-
down list with multiple selections in section J and M is useful to manage customized 
groups as multiple selections allow for deriving different subsets of the list. In Rind’s 
standard, the visualization should have the function to show a different part of dataset 
(Rind et al., 2013). The slider in section F and the zooming function in section E are 
effective to support show a different part in the certain time range and navigate in time. 
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In Rind’s standard, the visualization should display the abstraction of parameters, and 
display the details of items (Rind et al., 2013). For most of the sections, it has an option 
to show more details of the data when hovering over the charts or clicking different 
items, while if no interaction, it provides the abstractions of the data, such as the label 
“Throat” in section H, item “Flu” in section K, which is effective to support different 
information needs. In Rind’s standard, the visualization should have the filtering 
function, to highlight things under different conditions (Rind et al., 2013). It has the 
filtering functions in section E, F, C and L, so it can highlight different contents under 
different specifications and time constraints. 
It uses traffic light color to indicate the status of different health indicators, which 
is very intuitive according to related researches mentioned in literature review. According 
to Dowding’s review, they considered using traffic light color system for indicators and 
status very necessary and important (Dowding et al., 2015). In section G, H, I and K, the 
color red represents negative status while the color green represents positive status. In 
section K, it also uses saturation of colors to indicate the severity of illness, which can 
help users quickly identify the condition of each item and derive patient’s trends of health 
status. 
The visualization has clear presentations of legend, title, label, data range and 
patient’s identification information. According to Sittig’s criteria, patient’s identification 
information, description or title of the graph’s contents, description of labels and scales 
for x and y axis, legend and reference range should be clearly displayed (Sittig et al., 
2015). In section M, it has a legend to indicate which color represents what illness. In all 
sections, they have clear labels in x and y axis to explain the data displayed, such as the 
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month in x axis at section I, and clear data range in x and y axis. In the second page, it 
has different titles including “Patient Medical History” and “Family Medical History” to 
indicate the description of graph’s contents. In section A, it includes detailed patient’s 
information which can be used to identify the patient, such as the patient’s name, gender, 
ID, and age. 
The values of x-y data points are precise to examine. According to Sittig’s 
criteria, the data details of x-y data points should be precise and visible (Sittig et al., 
2015). In all the charts shown in the report, when hovering or clicking, it can display the 
detailed information of each data points, which not only includes precise data values of x 
and y axis, but also includes the clinician’s notes. This can support further examination 
and decision-making for clinicians. 
This visualization also has many limitations.  First of all, it can only be used to 
display one patient’s health record, instead of multiple patients’ record. Therefore, 
clinicians can only view one patient at a time and are unable to compare between 
different patients to derive insight from the comparison. In Dowding’s review, they 
encouraged to support multiple patients’ record and compared different patients 
(Dowding et al., 2015). But in this case, the use of this visualization is limited as it would 
be useful to examine one patient’s record and support decision-making specifically for 
this patient, but it would be less effective when applied for comparing different patients 
and discovering trends, patterns and outliers. 
The visualization only uses visual encoding for certain places, while in other 
sections the visual encoding is missing. In Dowding’s review and Rind’s standard, they 
both considered visual encoding necessary and vital in different parts and views 
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(Dowding et al., 2015; Rind et al.,2013). But in section D, it doesn’t use traffic light color 
system to indicate whether these health indicators are in negative status or not. It would 
be clearer if using red and green color in the bold text and line charts so clinicians would 
discover the health conditions for this patient more quickly. 
The visualization doesn’t include pop-up alerts. In Dowding’s review, quality 
assessment of using traffic light color for alerts was proven to be fair to good, which 
means that this feature considered useful (Dowding et al., 2015). In some sections, it uses 
bold, bigger text and outstanding colors to create alerts, for example, in section M, it uses 
different colors to indicate different diseases in the family tree. But those alerts are 
displayed directly in the report. As for some important information, such as allergies, it 
will be much easier for clinicians to notice and pay more attention to if using pop-up 
windows to highlight it. 
The report can be viewed online and can support for mobile viewing, but it 
doesn’t have the function to be saved in different formats to support further study. In 
Rind’s criteria, the visualization should have the function of visualizing graphs in 
different views (Rind et al., 2013). If have the function to export the report in PDF, 
Excel, image, or other formats, it will be much more helpful for clinicians to examine the 
raw data and save it for further research. Also, it doesn’t have the screensaver function. 
Therefore, it will increase the risk of leaking patient’s data and threaten the data security. 
For example, clinicians might forget to turn off the computer after viewing the reports, 
therefore, other people might have the chance to look the patient’s data, which could 
result in privacy issues. 
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The title and labels are unclear for some of the sections. In Sittig’s standard, title 
and labels should be clear in every section (Sittig et al.,2015). But in the first page, it 
doesn’t have title in each section to describe the contents, and for some charts they don’t 
have labels in x and y axis to indicate the information displayed. Therefore, clinicians 
might need more training time to learn how to use this report and apply it in practice 
without the help of titles and labels.  
Some useful interactions are missing and have some misunderstandings. In Rind’s 
criteria, the visualization should track selected items after marking subset of dataset 
(Rind et al., 2013). But after selecting in the drop-down list, it can’t keep track of selected 
items after the visualization changed. It can be only viewed at one time after interaction 
and doesn’t support comparisons between different interactions. As for section F, it only 
supports a time range at a time, but it can’t be used to compare different time ranges, 
which is also an important part for clinician’s decision-making. As for section J, the 
function of drop-down list might be misunderstood by users. Users might consider that 
the bar chart only include negative results and doesn’t display the positive results. But in 
fact, the bar chart is controlled by the drop-down list to show the results of different 
items. Therefore, this interaction is not intuitively for human. 
Also, if the data becomes very large and complex, for certain sections, the 
interface will be messy and unclear. For example, in the family medical history, if 
patients have more than five disease, it will require more than five different colors and it 
will be uneasy to discover the trends, patterns and overall shape of the data. And for 
section D and H, if the patients have many examination tests, the page will become very 
long and lengthy which is not good for quick searching and gaining overview.
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5. Conclusion 
The display of patient’s health records plays an important part in the area of 
CDSS, but how to display patient’s health records is very challenging considering the 
aspects of complexity of data, interactions, data collection and data security. In this 
paper, the necessary information, effective interface and interactions are studied, and 
provide a proposal of dashboards for visualizing patient’s health records. As it only 
conveys the ideas of interface and interactions by drawing figures and static graphs, also 
it’s mainly based on related theories and researches without testing it in the real life, 
therefore, it will require usability study and other test to be applicable for different 
situations in the future. Overall, this paper explores the importance of data visualization 
used to display patient’s health records in the area of CDSS, and the possibilities of 
implementing the visualization. I believe if with enough study and usability test, much 
more potential of this visualization will be realized. 
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